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Abstract 
The presence of pathogenic microorganisms in the water poses a risk to the health of consumers of all ages. Water conventional 
chemical treatments are not always a good solution. Difficult to implement, they have the double disadvantage of denaturing the 
organoleptic qualities of water: by acting on its physico-chemical composition and rejection of polluted water. Chlorination 
treatment is generally used to solve the bacteriological quality problems of both unconventional drinking water and treated 
wastewater. The use of chlorination is increasingly avoided due to the production of chlorinated products of carcinogenic and to 
the little action on the virus. The search for alternative solutions has summarized in several studies. The use of "ultraviolet 
irradiation" is still interesting alternative solution. Sterilization system using UV radiation is recommended in health services, 
hospitals, pharmacies, agriculture, aquariums, water extraction from wells or rainwater, etc. UV radiation has a fast acting, efficient, 
safe and constitutes an economic process that respects the environment. In recent years, high-frequency electronic ballasts for 
discharge lamps have been presented as a substitute for the magnetic ballast. because of their superior qualities such as high system 
performance (improved power factor), weight light, the light produced per watt, long service life, the function of lighting control, 
non-flashing, non-presence of audible noise and more technical aspects and requirements, special attention must be given to costs 
of an electronic ballast. This paper presents the design of a high frequency current power supply (electronic ballast based PWM 
inverter) to power a low-pressure UV lamp Mercury-Argon which has a germicidal effect for water treatment. So, the main purpose 
is to generate maximum UV at 253.7 nm (germicidal effect) and this is achieved by having at the ballast output a sinusoidal current 
with a frequency of 50 KHz and rms value of 0.65 A. 
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1. Introduction 
In normal operating mode (arc regime), the discharge lamp shows a negative differential resistor. Therefore, it is 
necessary limit the lamp current. Electrical discharges are not self-stabilizing, because the ionization of gaseous 
environment, and therefore the intensity of the allowed current tend to grow without limit [1]. For limiting this 
current, the necessary presence of a ballast is a general characteristic. 
Radiative characteristics quality depends to the nature of the gas mixture but it also highly depends on the discharge 
geometry and the supply characteristics such as frequency and the form of the signal [2]. 
The required conditions are essentially as follows: [3] 
- Ensure a zero average current operating mode; 
- Ensure a fast switching period; 
- Impose to the discharge a quick re-priming at substantially constant currents; 
- Able to operate as a current source within variable duty cycle and variable frequency. 
2. Principle 
Figure 1 shows a possible realization of this kind of source which makes the inverter as a high-frequency 
generator [4], [5]: 
 
 
Fig.1. Schematic power block of the studied system 
As indicated in figure 1, this source is composed by: a single-phase rectifier, DC circuit linking, a full bridge inverter 
transistor based, able to ensure from 25kHz to 100kHz at its output and a resonant circuit consisted by inductor Lr and 
capacitor Cr in order to achieve the lamp ignition. A filter is normally added between the main terminals and the 
rectifier to fulfil regulations (EMC electromagnetic compatibility). An additional preheating circuit is required in 
order to prevent the filaments damage [6], [7]. 
3. Electronic ballast in full bridge  
Electronic ballast consisting of a full bridge inverter can be used as shown in figure 2. The MOSFET is a 
component instead adapted to the low or medium power applications (less than a few tens of kilowatts). It is often 
used in low supply voltage applications with switching frequencies that can eventually exceed 100 kHz [8], [9], [10]. 
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Fig. 2. Electronic ballast with full bridge inverter. 
4. Electrical circuit lamp model  
In figure 3, a proposed model of the electrical circuit lamp is shown. This model can reproduce sincerely the 
electrical behaviour of the fluorescent lamp powered by a high frequency electronic ballast [11]. 
The electrical lamp is modeled by two resistors as indicated in figure 4. Rarc resistor which depends on both power 
and temperature of the arc lamp "and rf resistor representing cathode filament [12], [13]. 
 
 
                                       
Fig. 3. The fluorescent lamp electrical circuit Model. 
Therefore 
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Fig. 4. Equivalent system circuit. 
 
The lamp voltage can be calculated as follows [7]: 
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ZCP is the reactance of the CP capacitor and ICP is current which flows through it. The 
resonant load current is in fact the sum of both arc current and filament current: 
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Then the total power of the lamp is obtained by: 
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As a result, by calculating the transfer function of the open loop system indicted in figure 4 we have: 
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5. Simulation results and discussions 
Simulations were performed under MATLAB/ POWERSIM environment. The test lamp characteristics are: the 
length of lamp tube is 1500 mm with an inner diameter of 36 mm. This tube contains argon gas at a pressure of 3 Torr. 
Also, ignition voltage ranges between 300 and 350 v, rms arc voltage 111 v, rms arc current 0.65 A, the arc resistor 
RARC values is 170.769 Ω, the lamp filament resistor is rf = 5 Ω and electric power is so 65 W, [14], [15]. 
The electronic ballast, figure 2, is summarized in table1 [16], [17].18]. 
     Table 1. Electronic ballast circuit parameters 
VCA f Output Power LF CF Lr Cr Cp 
325 V, 50 HZ  50KHz 1.5 mH 1.5 mH 220 nF, 630V 1.3 mH 10 nF/630V 4.7nF/1600V 
 
The waveforms obtained are as follows: in figure 5, we present in (a) the arc lamp voltage and the arc lamp 
current, in (b) zoom in arc lamp voltage and its corresponding THD and in (c) the zoom in arc current and its 
corresponding THD respectively. 
 
 
Fig. 5. Arc lamp parametters : (a) voltage and current, (b) zoom for voltage and THD and (c) zoom for current and THD. 
Whereas, figure 6 shows simulations results relative to (a) the total arc lamp current, (b) current that passes 
through filaments and (c) its zoom. 
By analyzing figures 5 and 6, we can deduce that the current and voltage obtained have sinusoidal shapes with a 
frequency of 50 KHz. A certain symmetry in the waveforms of the current and the lamp arc voltage, which is not the 
case for the filament current (this is due to the electric model of the discharge lamp). The waveforms of current and 
voltage are closest to the sine wave (THD 6.39% for both lamp current and lamp voltage). Our target was to achieve 
a current of exactly 0.65 A bur our model has led to rms value of arc lamp current of 0.7 A. This result imposes to 
perform our model by regulating this current in order to reach exactly the targeted rms value of 0.65A.  
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Finally, we deduce that by our model, it was possible to arrive at satisfactory results to supply our lamp. The 
results allow us to obtain maximum UV radiation at 253.7 nm for decontamination by UV-C (100-280 nm). Ones 
reached UV radiation will simply kill or inactivate germs without generating troublesome chemical effluents to the 
environment. 
 
 
Fig. 6. (a) Total arc current, (b) filament current and (c) its zoom. 
6. Conclusion 
We have established the fundamentals of the study of the power supply of our discharge lamp (electronic ballast). 
The first part was devoted to the presentation of the general structure of an electronic ballast (using a full bridge 
inverter), to the model of the electrical circuit of the fluorescent lamp as well as highlighting the relative influences 
of different parameters of electronic components constituting the electronic ballast. The electrical behavior of the 
fluorescent lamp supplied by an HF electronic ballast can be modeled by a resistor which depends on both power 
supply and temperature. The second part of this article has been reserved for simulations performed under MATLAB 
environment of the electronic ballast circuit. The waveforms of current and voltage are closer to the sine wave (THD 
equal to 6.39% for both arc lamp current and arc lamp voltage) with frequency of 50 KHz. the results were in 
complete agreement with our targets. 
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